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A rocket f l i g h t  i n  the ionosphere i s  accompanied by pertur- 

bation of  the medium near i t s  surface. One of the causes of  such a 

perturbation l i e s  i n  rocket 's  e lectrostat ic  charge. The interaction 

of t h i s  charge with the surrounding medium's charged par t ic les  i s  of 

in te res t  f o r  a ser ies  of problems, i n  particular f o r  ionosphere mea- 

surements carried out with the aid of rockets. Therefore, the measu- 

rement of  e lectrostat ic  f i e l d  strength a t  the surface of a rocket 

f lying through the ionosphere has a sc ien t i f ic  and pract ical  value. 

Such measurements have been conducted i n  1957 -1958 near the 

surface of vertically-launched geophysical rockets of  the USSR Acadeqy 

of Sciences. In  these experiments the electrostat ic  fluxmeter method 

was applied [ll. The fluxmeter's measuring and screen plates  were ' . 

* Iemereniya napryaehennosti elektrostaticheskogo.po1ya u poverkhnosti 
letyashchey v ionosfere rakety. 
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constituted by f l a t  panels with six uniformly-disposed indentations 

i n  the form of  sectors. The distance between the plates  was chosen t o  

be of 3 mm. The e lec t r ic  motor, used f o r  the rotation of the screen 

plate,  had a stabil ized speed of rotation s e t  a t  9000 revol./min. Two 

e lec t ros ta t ic  fluxmeters were instal led A t  diametrically-opposed points 

of the cylindrical par t  of rocket's frame. The voltage generated by 

them i s  proportional t o  e lectrostat ic  f i e l d  strength and i s  fed t o  a 

measuring c i r cu i t  and the registered values are then telemetered t o  

Earth with the aid of an appropriate kadiotelemetric device. 

The u t i l i za t ion  of two fluxmeters allows i n  principle the sepa- 

ration o f  the f i e l d  stnength, induced by the body's own charge, from 

the component of  the outer e lec t ros ta t ic  f i e l d  strength i n  the direction 

ofthe s t ra ight  l ine  be;t+en the points of ins ta l la t ion  o f  the two flux- 

meters [I]. 

The measurement of the strength of the electrostat ic  f i e l d  a t  

the surface of a rocket f lying i n  the ionosphere i s  complicated by the 

presence of constant currents, modulated by the rotation of the screen 

plate  and flowing over the measuring plate.  These currents are induced 

by medium's f ree  charged par t ic les  and by the photoeffect stemming from 

solar ul t raviolet  radiation. 

One of the pecul iar i t ies  of the measuring c i r cu i t  i s  the simul- 

taneous u t i l i za t ion  of the automatic sensitivity switch and synchronous 

detector. This permitted the broadening of the measurement range and 



3. 

the ascertaining whether the variations of the output signal are caused 

by the measured (working) current, induced a t  the expense of the electro- 

s t a t i c  f i e l d  a t  rocket ' s  surface, o r  by the modulated constant currents 

('Iinterference currents").  The synchronous detector weakens by about 

5 times the e f fec t  upon the output signals of interference currents. 

A t  the same time, interference currents exert  an e f fec t  on the automa- 

t i c  sens i t iv i ty  switch jus t  as the working currents do, That i s  why, 

whenever the input signal, measured by readings a t  the iutput  a t  the 

instant of  sens i t iv i ty  switching, i s  5 times smaller than the signal 

f o r  which switching must take place, the measured voltage values are 

d&termined by the interference currents and not by working currents. 

Pr ior  t o  i ts  switching the greatest  c i rcu i t  sens i t iv i ty  was such, tha t  

t o  a voltage of 0 , l v  a t  the output corresponded a f i e l d  strength 

E = 0.2 v/cm. The sens i t iv i ty  switching must have taken place f o r  

E = 6 v/cm i n  case of absence of interference currents. 

The first of  the described experiments was conducted on 

9 September 1957 a t  19 54 hours, a f t e r  sunset a f t e r  - 6' dipping, 

which corresponds t o  a t e r r e s t r i a l  shade height of about 30 km. During 

i ts  f l i g h t  i n  the ionosphere the rocket was not s tabi l ized and could 

spin. The second experiment w a s  carried out on 2 1  February 1958 a t  

1240 hours. During th i s  experiment the rocket was s tabi l ized during 

i t s  to%al f loght  time. Unfortunately, no resu l t s  of  measurements near 

the summit of the t ra jectory were obtained i n  t h i s  experiment. 
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The third experiment was cinducted on 27 August 1958 a t  0806 hours. 

A s  i n  the preceding one, the rocket was s tabi l ized a t  time of i t s  

f l i g h t  through the ionosphere. 

The most interest ing resu l t  obtained a t  cer ta in  heights i n  all 

the three experiments was i n  the mutual difference i n  the strengths of 

the e lec t ros ta t ic  f ie ld ,  measured simultaneously by the two fluxmeters. 

This dis t inct ion may have been e i ther  caused by experiment e r rors  

linked With interference currents, o r  by the true difference i n  the 

e lec t ros ta t ic  f i e l d  strength a t  points where fluxmeters were instal led.  

This implies t ha t  a t  spots where fluxmeters are ins ta l led  the thicknesses 

of  the volume charge layer surrounding the rocket are different .  

A s  was shown by laboratoyy t e s t s  of the apparatus, the maximum 

mean-square error of the device f o r  the measured values of  E &3 v/cm 

does not exceed 0.6 v/cm. Thus, when considering voltage differences 

exceeding 1.2 v/cm, e r rors  stemming from the device may be disregarded. 

Interference currents may be induced by t a)rocket motion, 

causing the inequality of charged par t ic le  fluxes on measuring p la tes  

of  the two fluxmeters; b) photoemission from measuring p la tes  under the 

e f fec t  o f  u l t rav io le t  and X-ray emissions of  the Sun; c) medium motions, 

linked with ionospheric winds ; d)  presence of  the outer e lec t ros ta t ic  

f ie ld .  The same causes may create differences i n  the e lec t ros ta t ic  

f i e l d  strengths near both fluxmeters, i . e .  they may induce "interference 

current" discrepancies, according t o  the above-adopted terminology-. 
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Therefore, the difference i n  the strength of the electrostat ic  

f ie ld ,  simultaneously measured with the two fluxmeters, i s  the resu l t  

of the true difference i n  these strengths a t  spots wherefluxmeters are 

instal led only i n  the case when the trworkingll currents exceed conside- 

rably the interference currents. 

Analysis of the sensi t ivi ty  switch operation shows tha t  with 

the exception of a few rejections, the value of the interference current 

density d i d  not exceed 5 
ments of 2 1  February 1958 (250 - 280 km alt i tude range i n  the ascending 

branch of the trajectory) and of 27 August 1958 (350 - 415 km heights) 

as may be seen i n  Fig.3 below, and the fundamental par t  of the measured 

-2 lo-'' a ecm i n  the resul ts  of  the experi- 

values is  linked with the true values of e lectrostat ic  f i e l d  strength a t  

the surface of the rocket f lying i n  the ionosphere. 

Presented are i n  Fig.1 and 2 the resul ts  of measurements near 

the summits of  the t ra jector ies  obtained on 9 September 1957 and on 

27 August 1958. The following designations apply t o  a l l  the figures 

next page: 1, 2 - resul ts  of  measurements of one fluxmeter, respecti- 

vely during ascent and descent of the rocket; 3 - 4 indicate the same 

f o r  the other fluxmeter. A l l  the effects,  linked with rocket motion, 

are ent i re ly  absent a t  the summit of the trajectory and are small near 

it. That i s  why, the discrepancy of  fluxmeter-measured values of 

strengths, plotted i n  Fig.1 and 2, cannot be explained by the effects  

related t o  rocket 's  motion. 
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In  Fig.3 we brought out. the resu l t s  obtained i n  the experiment 

of 27 August 1958. A s  may be 
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Consequently, the indicated discrepancies were not created by electron 

photoemission either.  It i s  thus impossible t o  explain the resul ts  

obtained without recourse t o  the effects,  linked with the presence of 

an outer e lectrostat ic  f ie ld .  

Examination of the experimental data plotted i n  Fig.1 and 3 

shows tha t  : 1) the electrostat ic  f i e l d  strength oscil lated within 

the 0.2 - 3 v/cm limits a t  the surface of the rocket f lying i n  the 

ionosphere over most of i t s  t ra jectory and corresponds t o  the negative 

charge of  the rocket; 2) there are portions of the t ra jectory over 

which the rocket has a positive charge. 

The value of the density of rocket 's  charge, commted on the 

basis of the obtained values of e lec t ros ta t ic  f i e l d  strength i n  the 

assumption tha t  the rocket i s  a homogenous conducting cylinder, l i e s  

within the 5 - low5 + CGSE cm-2 limits. 

Analysis of the resu l t s  leads t o  the conclusion tha t  i n  a ser ies  

of cases an electrostat ic  f i e l d  having no connection with rocket appea- 

rance i n  the ionosphere, i s  registered. The estimate of the magnitude 

of t h i s  outer f i e l d  must be effected taking into account the specific 

phenomena occurring near the body, si tuated i n  a plasma, and must thus 

constitute a subject f o r  a special consideration. During f i e l d  strength 

measurements by the electrostat ic  fluxmeter method it is appropriate 

t o  apply the method, proposed i n  c2], which excludes t o  a significant 



degree the e f fec ts  of. interference currents with which pa r t  of the 

above-expounded resul ts  i s  connected. 

I n  conclusion the author expresses 'his sincere gratitude t o  

K, I. Gringauz and I, M, Imyanitov f o r  t h e i r  guidance i n  the course 

of  t h i s  work. 
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